Given rising spend on the provision of healthcare services, the sustainable management of waste from healthcare facilities is increasingly becoming a focus as a means of reducing public health risks and financial costs. Using data on per capita healthcare spend at the national level, as well as a case study of a hospital in Italy, this study examined the relationship between trends in waste generation and the associated costs of managing the waste. At the national level, healthcare spend as a percentage of gross domestic product positively correlated with waste arisings. At the site level, waste generation and type were linked to department type and clinical performance, with the top three highest generating departments of hazardous healthcare waste being anaesthetics (5.96 kg day -1 bed -1 ), paediatric and intensive care (3.37 kg day -1 bed -1 ) and gastroenterology-digestive endoscopy (3.09 kg day -1 bed -1 ). Annual overall waste management costs were $US5,079,191, or approximately $US2.36 kg -1 , with the management of the hazardous fraction of the waste being highest at $US3,707,939. In Italy, reduction in both waste arisings and the associated costs could be realised through various means, including improved waste segregation, and linking the TARI tax to waste generation.
Introduction
The global financial costs associated with the provision of healthcare services are significant and growing. For example, as illustrated in Figure 1 , the percentage spend of gross domestic product (GDP) on healthcare in one of the largest countries (the United States of America (USA)), accounted for around 17.4% of its' entire GDP in 2014. This figure was up from around 15.3% in 2006 (World Bank, 2016 . While the rates globally and across the Organisation for Economic Cooperation and Development (OECD) countries are lower, and have slowed since the 2008 financial crisis, they are nevertheless generally rising. In Italy, however, where this study was undertaken, it has decreased marginally since 2009, falling from 9.4% in 2009, to 9.2% in 2014.
In providing these services, healthcare facilities produce waste. The majority of the waste generated is non-hazardous and is similar to that from households, with only a small percentage being potentially hazardous (World Health Organization, 2011) . However, the potential presence of hazards, such as infections, sharps and chemicals, can pose significant risks and lead to higher costs (World Health Organization, 2014) . For example, there has been an increasing shift in many developed countries towards the use of disposable and single-use medical items as a means of addressing concerns about the risks of infections (Nichols et al., 2016; World Bank, 2016) . At the same time, there is evidence that this shift can lead to increased financial costs (Campion et al., 2015; Swensen et al., 2011; Viani et al., 2016) .
Given the potential risks to public health and the environment, there has been an increasing focus on identifying suitable approaches (e.g. effective segregation of hazardous and non-hazardous waste), as a means not only of reducing these risks, but also the costs associated with managing the waste (Castellani et al., 2015; Ibbotson et al., 2013; Mosquera et al., 2014; Windfeld and Brooks, 2015) . For example, in the United Kingdom (UK), a 20% reduction in hazardous healthcare waste (HCW) was estimated to produce savings of approximately $US11.8 million (Royal College of Nursing, 2011) .
This study therefore sought to understand the nature of the relationship between generation patterns of HCW and the associate costs. Using data at the country level, it specifically set out to examine whether there was a relationship between the income levels of countries and their healthcare expenditure, and HCW generation rates. Second, using a case-study approach of a hospital from Italy, it also sought to understand the nature of the HCW generation patterns and the associated waste management costs.
Factors affecting the generation of HCW
The determination of factors, such as the sources, composition and generation patterns of the HCW, is crucial to understanding how best to manage the associated costs and risks (Askarian et al., 2010; Voudrias et al., 2012) . Liberti et al. (1996) found that the majority of hazardous HCW arose from short-term patients in rehabilitation service (52%), with analytical laboratories (23%), and surgeries (14%), being the next highest. While Cheng et al. (2009) noted that dialysis (23%), the intensive care unit (17%) and emergency care unit and outpatients (12% each), were the highest producers of HCW. HCW generation patterns have been shown to be dependent on various factors, including department type and levels of patient activity (Da Silva et al., 2005; Moreira and Günther, 2013; Ozbek and Sanin, 2004; Tudor, 2007) , GDP and healthcare spend per capita (Windfeld and Brooks, 2015) , and diagnosis-related group (that is a measure of classification based on the principal and secondary diagnoses, patient characteristics and the procedures performed) (Mathausera and Wittenbecherb, 2013; Xin, 2015) .
Measurement of waste generation rates from healthcare facilities is generally based on kilograms per bed per day (kg bed -1 day -1 ) (Bazrafshan and Kord Mostafapoor, 2011; Bdour et al., 2007; Caniato et al., 2015; Cheng et al., 2009; Farzadkia et al., 2009 ). However, other units include kilograms per day (kg day -1 ) (Moreira and Günther, 2013) , kilogram per clinical performance (kg clinical performance -1 ) (Moreira and Günther, 2013) and kilogram per month per person (kg month -1 person -1 ) (Tudor, 2007) . Table 1 demonstrates the variation in hazardous HCW generation rates across selected countries.
Data on the costs associated with managing HCW are limited, primarily owing to commercial sensitivity. However, Windfield and Brooks (2015) report a rate of around $US741 t -1 in the USA, and Komilis et al. (2011) state costs of $US1800 t -1 for incineration and $US1165 t -1 for sterilisation, in Greece. Alagöz and Kocasoy (2008) note that the collection and transport of the waste can constitute around 80%-95% of expenditure.
In Europe, the classification of HCW is based on the European Waste Catalogue (EWC) (EC, 2008) . According to the EWC, codes specific for HCW start with the number 18. There are several different sub-categories, which can be hazardous (marked with an asterisk) or non-hazardous (EC, 2008) . Table 2 Government, 2010) . The legislation explicitly includes the safeguarding of the environment and the reduction of wastefulness as essential recommendations that operators should follow. Indeed, there is a focus on ensuring that the most efficient and cost-effective waste treatment should be chosen, favouring reduction, recovery and recycling of materials (APAT, 2008; ISPRA, 2014; Testa et al., 2012) .
Methods

GDP and healthcare spend per capita rates
In order to determine the healthcare expenditure per capita, the GDP per capita and the percentage spend on healthcare were first sourced from World Bank (2016) for 2014 (as this was the year of the study). The choice of the countries was based on the availability of data. The World Bank was used as it is a credible and publicly available source of comparable global data. Based on Windfeld and Brooks (2015) , the healthcare spend per capita GDP was calculated by taking the percentage GDP spent on healthcare and multiplying this value by the per capita GDP.
The value for the healthcare expenditure per capita was then used as a proxy for 'wealth', to determine whether there was a link between the wealth of the country and generation rates of HCW. For Korea (Rep) and Iran, the average of the range reported in Table 1 was used for the waste generation rates.
The Spearman rank correlation test was used to measure the statistical relation between healthcare spend per GDP and hazardous HCW arisings.
Waste generation rates
A hospital in Italy was used as the case study site. The hospital is a public healthcare facility located in the Lombardy region. It is the largest hospital in the region, and at the time of the study had 933 beds. The study was undertaken during 2014.
Based in part on Tudor (2007) , the quantity of non-hazardous HCW produced by the hospital was determined by analysing the records of the local company in charge of waste collection and disposal. The data for a 2-year period (2013) (2014) were collected from the records. These data were used to calculate the monthly average waste production (kg month -1 ), the monthly average waste production for each fraction (kg month -1 ) and average waste separation ratio (%).
Similarly to the non-hazardous HCW, the total quantity of hazardous HCW produced by the hospital was collected by analysing the records of the company that collected the waste. These data were then crosschecked with the quantity of waste produced by each hospital department. This provided the monthly total number of hospitalisation days (major clinical procedures), the day-hospital activities (minor clinical procedure) and the monthly number of occupied beds. The Management Control Office at the hospital provided the monthly number of clinical performances carried out by the hospital. The analysis involved a determination of the: -hospital department's specific HCW production for 2013 and 2014 (kg y -1 ); -monthly HCW generation per hospitalisation for 2013 and 2014 (kg day -1 ) per hospital ward; -monthly HCW production per clinical procedure for 2013 and 2014 (kg procedure -1 ) per hospital ward; -daily HCW production per occupied bed during [2013] [2014] (kg day -1 bed -1 ) per hospital ward.
Generation rates for 180103 (hazardous HCW), were correlated with the number of: (1) days patients stayed in the hospital, which included the ordinary hospitalisation days and day-hospital activities; (2) clinical procedures (i.e. specialist visits, laboratory analyses and rehabilitation therapies); and (3) occupied beds for each considered hospital ward. Occupied bed refers to patients who underwent a simple surgical intervention that required spending at least 1 day in bed, excluding day-hospital procedures. Therefore, for the calculation only, the hazardous HCW produced during the stay was considered because of a major clinical procedure.
Waste management costs
The costs were calculated for 2014 only, owing to the hospital moving from the old building to the new one, which did not allow data collection for 2013. All the economic data were collected by reviewing the hospital's official payment documents and receipts. In addition, informal interviews were held with technical staff and directors to fill any gaps in the data. The analyses were focused on the:
-HCW disposal costs; -non-hazardous HCW fee (the hospital paid a yearly fee which was dependent on the area occupied by the department, rather than the quantity of waste produced); -internal depot management and internal waste transportation costs; -operations and maintenance cost of the waste transportation remote control system.
The sum of all these costs enabled the calculation of the overall waste management costs. This overall cost was shared between the two waste streams based on the functioning of the internal waste management system. The hospital used a remote-control transportation system and the internal waste depot for all its waste. It had a centralised and remote-controlled transportation system for all waste produced, which were temporarily stored at the internal waste depot, before their transport to the final disposal treatment/site. The type of waste management system employed at the site did not allow for systematic division of all the costs according to the different types of treated waste. In particular, the common cost for the non-hazardous and hazardous HCW referred to the internal waste depot management, internal goods transportation and the remote-control system for waste and good transportation running, and management costs. The internal depot management and internal waste transportation costs were shared as 30% for the non-hazardous HCW and 70% for the hazardous HCW, as the Halipack ® bins had a higher cost when compared with the plastic bags used for the non-hazardous HCW. Moreover, each Halipack ® was weighed when it arrived at the internal waste depot. In order to determine the overall costs' split, the running and management costs for the waste remote transportation system was shared between the hazardous and non-hazardous HCW as 60.3% and 39.7%, respectively. The percentages were calculated based on the average number of trips carried out by the remote-control system during a typical working day, which were 494 trips every day, 196 (39.7%) trips for the nonhazardous HCW and 298 (60.3%) trips for the hazardous HCW. Table 3 suggests that generally the more developed countries (USA, Germany, France, Italy) had a higher per capita health expenditure. Figure 2 illustrates a positive correlation between healthcare spend per GDP and hazardous HCW arisings (0.746, p < 0.05). This trend is particularly true for the USA. Most countries fell within the range. In Germany, waste generation rates fell well below the trend, while France, and to a lesser extent Italy, produced more waste than expected.
Results
Healthcare expenditure per GDP and waste arising
Waste generation rates
The monthly average non-hazardous HCW production for the period 2013-2014 was primarily comprised of unsorted municipal waste (71.4 t month -1 ), organic waste (14.4 t month -1 ) and paper/ cardboard (12.76 t month -1 ). The average waste segregation ratio for non-hazardous HCW was 34.3%. The main type of hazardous HCW produced was infectious (180103), with a total waste production of 1279 t and an average monthly rate of 53.3 t. Figure 3 illustrates that the main sources of 180103 waste for 2013-2014 were the operating theatre, followed by the medicine department (which included the nephrology, haematology and gastroenterology wards), anaesthetic and intensive care, and paediatrics.
As shown in Figure 4 , the average monthly HCW production and number of hospitalisation days for the period were 25.36 t and 25,032 days, respectively. Thus, the average per capita waste production rate was 1.01 kg day -1 .
The departments with the highest average monthly average waste generation per hospitalisation day were anaesthetic and intensive care 3 (6.57 kg day -1 ), anaesthetic and intensive care 2 (4.57 kg day -1 ) and paediatric and intensive care (3.45 kg day -1 ). Figure 5 illustrates that the monthly average HCW production and number of clinical procedures for the period 2013-2014 were 14.35 t and 290,676 procedures, respectively. Thus, the average monthly HCW production per procedure was 0.046 kg clinical procedure -1 . The monthly number of procedures fluctuated, nevertheless the number of procedures fell during August for both years owing to the Italian summer holiday period.
The departments with the highest average monthly waste generation rates per clinical procedure were radiology (0.67 kg procedure -1 ), gastroenterology-digestive endoscopy (0.50 kg procedure -1 ) and plastic surgery (0.44 kg procedure -1 ).
The hospital had an average occupation ratio of 82.4%, therefore the average daily HCW generation per activated bed and per occupied bed rates were 0.9 kg and 1.09 kg, respectively. The highest generating departments of hazardous HCW per daily occupied bed were anaesthetics 3 (5.96 kg day -1 bed -1 ), anaesthetics 2 (4.3 kg day -1 bed -1 ), paediatric and intensive care (3.37 kg -1 day -1 bed) and gastroenterology 2 -digestive endoscopy (3.09 kg day -1 bed -1 ).
Waste management costs
The overall annual costs of disposing of the wastes (i.e. waste collection and transportation from the internal waste depot to the final treatment plant, for example incineration plants for 180103 and wastewater treatment plants for liquid hazardous wasteoperated by a private enterprise), was $US2,274,980 (i.e. €1,710,897 since the average rate of exchange in 2014 was 1.3297 € $US -1 ; Board of Governors of the Federal Reserve System, 2017). Of these costs, that for 180103 was highest at $US1,604,085, while $US661,770 were spent to dispose 263.5 t of 180106 (i.e. chemicals consisting of or containing hazardous substances).
The site paid a yearly national fee (called TARI) for the nonhazardous HCW of $US704,051, which was based on the physical space occupied and not the quantity of waste produced. The overall costs of the internal depot management, Halipack ® and bags furniture, as well as the internal waste transportation were $US1,087,397 per year and $US629,039 per year, respectively. While the operating and maintenance costs for the remotecontrolled waste transportation system were $US284,485 per year and $US99,240 per year, respectively. Table 4 outlines that the overall waste management costs in 2014 were $US5,079,191, or approximately $US2.36 kg -1 . Table 5 lists that the overall unit costs for the non-hazardous HCW and hazardous HCW were approximately $US1.14 kg -1 and $US3.93 kg -1 , respectively.
Discussion
Generally, more developed countries had a higher per capita health spend (Table 3 ). Similar to Winfeld and Brooks (2015) , GDP and the percentage spend on healthcare correlated positively with HCW generation rates at the national level. Thus generally, higher income countries that spent more on healthcare provision also produced more waste. This is instructive, as it suggests that given that spend on healthcare provision is rising, waste quantities will also rise. It also indicates the urgent need for higher income countries to do more as it relates to decoupling spend and waste generation rates and recovery value from that produced. An important point to note though is that there were exceptions to the general rule. For example, Germany, despite its high GDP, had a significantly lower rate compared with the other countries that spent a 'high' percentage of their GDP on healthcare, while France and Italy were above the expected levels ( Figure 2 ). These deviations from the expectations may have been owing to various reasons, including more stringent enforcement of regulations and greater efficiency in processes. However, based on the findings from the site, a key factor may relate to levels of waste segregation. The non-hazardous waste contained high levels of potentially recyclable waste. While the hazardous waste was not examined, it is possible that there may have been a significant percentage of this waste that was not hazardous. Higher quantities of hazardous waste cost more, as unit prices were higher (Table 5 ). This assumption would however, require further study both in Italy, as well as in France. However, greater segregation of hazardous and non-hazardous waste could lead to significant cost reductions (Royal College of Nursing, 2011) .
At the site level, the average per capita HCW generation was 1.01 kg day -1 , which is around half of the national average (Table 1) . Anaesthetics and the intensive care department were the highest average monthly generators of hazardous infectious HCW (i.e. 180103). The average monthly 180103 production rate/clinical procedure was 0.046 kg clinical procedure -1 , with the highest generating departments being radiology and gastroenterology. This waste generation rate/procedure is about 2.5 times that of Moreira and Günther (2013) . If generation rates are examined on the basis of bed occupancy, then the average daily waste production per activated bed, and per occupied bed were 0.9 kg and 1.09 kg, respectively, with anaesthetics and paediatric and intensive care being among the highest producers. The production of higher quantities of waste from 'shortstay' clinical areas is similar to the findings of others (e.g. Cheng et al., 2009; Liberti et al., 1996) . The strong link between waste generation and both department type (Moreira and Günther, 2013; Tudor, 2007) , as well as clinical procedure (Mathausera and Wittenbecherb, 2013; Xin, 2015) , is also similar to other studies. The rate for per occupied bed waste arisings is about a third that of the USA, and slightly lower than that of South Africa (UNEP, 2012).
As shown in Table 4 , the overall costs of managing the waste during 2014 were $US5,079,191, at a unit cost of $US2.36 kg -1 . Disposal costs accounted for approximately 44.8% of these overall costs, at $US2,274,980. While the costs for managing the internal depot, Halipack ® bins and the internal waste transportation were approximately 21.4% and 12.4%, respectively. As expected, the management of HCW was much higher than that of the non-hazardous waste, at a unit cost of $US3.93 kg -1 , as compared with $US1.14 kg -1 . In addition, the hospital also paid a fee (TARI) of $US704,051 for the management of its non-hazardous waste. However, as the costs for the management of this waste were linked to the physical space occupied rather than the quantity generated may explain the rise in waste following the move to the new site. Evidently, while the legislation exists in Italy (DLgs.152/2006), the practice on the ground does not always take account of the need to employ efficient and cost-effective processes. Therefore, it is suggested that the TARI should take account also of the quantity of waste produced, in addition to the physical area occupied, in order to serve as a more effective incentive for waste reduction (Mühlich et al., 2003) . There were some limitations to the study. First, the data for the costing were taken from a range of sources, and years, as it was not possible to source the data from one reference. This might have introduced some biased into the data. However, the process for managing the data was the same. Second, the choice of countries selected was based solely on the availability of data. Nevertheless, they represent a range of GDPs. Third, the study focused only on one site. However, this was compensated for by the detail provided by the site, which can often be a challenge. Nevertheless, the inclusion of a wider range of sites and countries would help to ensure greater validity and reliability of the data and conclusions.
Conclusions
With increasing spend on healthcare, there is an increasing focus on a more sustainable approach to managing HCW generation and the associated costs. This study has illustrated that there is a positive correlation between healthcare spend and waste arisings, with higher income countries generally producing more waste. Evidently, however, as illustrated by Germany, spend and waste arisings can be decoupled. In Italy, greater reduction could potentially also be facilitated through attention being paid to linking the TARI to waste generation rates. The site level findings suggest that factors such as department type, clinical procedure, and potentially also waste segregation levels, are key issues that should be focused upon. In addition, given the high percentage of both unsorted and organic materials in the non-hazardous waste, use of more sustainable methods (e.g. biological treatment), would serve to reduce the disposal costs. It is only by addressing these issues that waste arisings and spend might most effectively be decoupled and reduced.
